We suggest a way in which entangled photons produced by a type II downconverter can be used for magneto-optical spectroscopy with district advantages. Both collinear and noncollinear geometries can be used. We present quantum mechanical results for the coincidence detection of different polarizations at the output. © 2003 Optical Society of America OCIS codes: 300.1030, 270.5290, 020.1670.
The entangled photon pairs, produced, say, in the process of downconversion, are increasingly being utilized for very basic experiments to test the foundation of quantum mechanics and to do quantum information processing. 1 -3 It is also recognized that entangled photon pairs could be useful in many practical applications involving, e.g., lithography, 4 -7 imaging, 8, 9 and ellipsometry.
10,11
These applications essentially lead to resolution that is better than that produced by coherent light. For example, Boto et al. 4 argued that the resolution in quantum lithography can be improved by a factor of 2 by use of entangled photon pairs. Ellipsometry with entangled photons avoids the problems associated with the calibration of either the source or the detector.
10
It is clear that the use of entangled photon pairs may be preferable over coherent sources in many spectroscopic applications such as the generation of the squeezed light.
12
In this Letter we discuss how the use of entangled photons leads to distinct advantages in studies involving dichroism and magneto-optical rotations (MORs).
13
It is to be noted that the entanglement produced by a type II converter 3 is especially relevant for measurement of MOR. This is because it already yields photons horizontally ͑x͒ polarized or vertically ͑ y͒ polarized. For example, in the case of noncollinear propagation of the signal and idler, the state of two photons can be written as
where jA͘ stands for a single photon with polarization A. For the collinear case the state is
In what follows, we examine the possibility of using either Eq. (1) or (2) for MOR. Before we examine the application of the entangled photon pairs for studying MOR and dichroism, we recall the basic principles of the method using a coherent source. Consider a light beam of frequency v traveling in the z direction. Let a magnetic field B be applied in the direction z. The incident f ield can be written in the form E͑z, t͒ ϵ exp͑2ivt 1 ikz͒ ͑x´x 1ŷ´y ͒ 1 c.c.
whereê 6 are the unit vectors corresponding to two circularly polarized components:
For a linear isotropic medium made anisotropic by the application of the magnetic f ield the medium is described by the frequency and the magnetic-f ield-dependent susceptibilities x 6 ͑v͒ such that the field at the output face z l of the medium is
which can be written in terms of the Cartesian components as
Using Eqs. (3) - (5), we have the relations µ´x
where R depends on the susceptibilities of the medium:
∑ a 1 1 a 2 2i͑a 1 2 a 2 ͒ i͑a 1 2 a 2 ͒ a 1 1 a 2 ∏ , a 6 exp͑iklx 6 ͒ .
For measurements with coherent sources one can examine, say, the intensity of the y component of the output when the input is x polarized. Thus the measured quantity will be
